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ABSTRACT
Ailanthus altissima (Mill.) Swingle, also known as Tree of Heaven, is a nonnative tree found throughout North America. The competitive advantages of Ailanthus
make it a formidable invader that reduces biodiversity, especially in urban environments.
In these areas, Ailanthus can cause structural damage to buildings, pavement, and other
infrastructure such as plumbing. Although Ailanthus can commonly be observed
throughout neighborhoods of Denver, Colorado, its prevalence and frequency are not
well documented. The purpose of this study was to determine the distribution and
abundance of Ailanthus among selected urban, residential areas and parks within the City
of Denver. This was accomplished by surveying neighborhoods using GPS equipment
and documenting occurrences. Specifically, this study focused on the adjoining
neighborhoods of Capitol Hill, Cheesman Park, Country Club, Speer, and Washington
Park. The data collected during this study provides an understanding of where current
populations of this weedy species exist in these neighborhoods, and suggests that
Ailanthus is spreading at an alarming rate. This study aligns with the city’s current
agenda of preserving that quality of the canopy and can assist foresters to further
investigate and manage Ailanthus in Denver.
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Introduction
Invasive species are defined as non-native or alien species that are an unwanted
nuisance to our natural resources. Their spread can have damaging consequences to
ecological health, agricultural production, as well as human health (The National
Invasive Species Council, 2006). Noxious weeds are plant species designated by a
jurisdiction, such as a state, which have these invasive properties. Colorado has
approximately 75 listed noxious weeds, with an additional 20 species on the watch list to
become listed as noxious. The ecological effects of invasive species are numerous,
including decreasing biodiversity, choking out native species, and altering natural soil,
water, and fire regimes. Annually, managing invasive species costs billions of dollars.
Most of these management efforts are concentrated on protecting agriculture resources
and conserving rural and open spaces.
The City of Denver has an impressive urban forest with an approximate 2.2
million trees, and is considered one of the 10 best U.S. cities for urban forests (American
Forest “Denver Urban Forest Fact Sheet”). Since 2006, Denver has participated in the
Mile High Million initiative, which aims to plant an additional one million trees in Metro
Denver by 2025 (http://www.milehighmillion.org). However, due to a lack of funding,
the program has been discontinued. Instead, the city will be focusing on maintaining the
quality of the existing tree canopy.

Urban forests add value to the community, including

reducing air and noise pollution, reducing the negative effects of urban heat islands, and
increasing the value of homes.
Ailanthus altissima (Mill.) Swingle (also known as Tree of Heaven or stink tree)
is native to China. It was first introduced to North America in 1784 in Philadelphia (Hu
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1979). In 1820, it was introduced in New York as an ornamental tree species (Davies
1942). During the California gold rush, Chinese miners were known to have brought
Ailanthus seeds with them (Hoshovsky 1988). According to the USDA NRCS Plants
Database, Ailanthus is listed as an invasive or noxious weed in four states (Connecticut,
Massachusetts, New Hampshire, and Vermont). Ailanthus can be found in almost every
state as well as in portions of eastern Canada (Figure 1) (United States Department of
Agriculture (USDA), Natural Resources Conservation Service (NRCS) 2012).
Figure 1. Ailanthus Distribution in North America.

Federal and state laws in the 20th century have heightened the public awareness of
invasive or weedy species. Examples include the Federal Noxious Weed Act (1974),
National Invasive Species Act (1996), National Environmental Protection Act (1970), the
Plant Quarantine Act (1912), as well as state Noxious Weed Acts. These policies were
enacted because the scientific community better understood invasion ecology and it was
6

determined that invasive species management needed to be enacted. However, despite
regulations and attempts to control them, weedy species continue to burden natural
resource managers and agricultural producers.
With a large focus on managing these species occurring on public and agricultural
lands, fewer resources are exhausted when managing for invasive species in urban
environments. This reduction of efforts
can be attributed to several factors.

Figure 2. Ailanthus trunk embedded in a fence.

Some weedy species, such as the
Ailanthus, are ornamental and are
attractive, so they are kept despite their
negative characteristics. A large amount
of private land also means that
coordinating removal efforts can be
complicated. Reduced city financial
budgets make management of weedy
species a low priority. Lastly, a general
lack of knowledge and/or indifference
makes managing these species difficult.
Ailanthus is not widely acknowledged or managed as a problem plant in
Colorado. However, throughout residential urban neighborhoods of Denver, Ailanthus
can be frequently found in yards and alleys. While Ailanthus is not listed as a noxious
weed in Colorado, its prevalence and invasiveness make it a formidable threat to
biodiversity in Denver’s urban forestry environment. The Parks and Recreation
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Department has declared a moratorium on Ailanthus from being planted in public rightof-ways (City and County of Denver Parks and Recreation 2012). Even though the
species is not prohibited from being planted on private property, it is not a recommended
species. Ailanthus should be closely monitored and potentially should be listed on the
noxious weed watch list for Colorado.
There is a lack of data about the prevalence of Ailanthus. This information is
important in order for management practices to be established regarding the removal and
prevention of the spread of Ailanthus. An inventory of the species has never been
performed in Denver. This project aims to quantify the presence of Ailanthus in this
community so that awareness can be elevated and management of the species can begin.
Literature Review
Ailanthus is an attractive ornamental species with pinnately compound leaves that
are 1-4 feet in length with 10-41 leaflets (Figure 3) (Evans et all 2006). The bark is
smooth and lightly colored and female plants have small, yellow, clustered flowers. It
commonly sprouts from the trunk or shallow roots, resulting in dense clumps. Its leaves
are malodorous (Fryer 2010), which is why it is also called “stink tree”. It grows rapidly,
and can grow up to 70 feet in height (Vines 1960) and six feet in diameter (Evans et al
2006). The life span of Ailanthus ranges from 30 to 70 years (Miller 1990), but clones
formed from root sprouting can extend clone life for hundreds of years (Hunter 1995).
Roots are shallow, mostly occurring in the upper 18 inches of soil (Miller 1990).
Ailanthus is tolerant of poor soil conditions, such as acidic, compacted, and
nutrient poor soils (Evans et al 2006). This makes it a common invader to urban and

8

disturbed areas. It is also flood and drought tolerant (Evans et. Al. 2006), tolerant of air
pollutants (Rank 1997), and is also an efficient photosynthesizer (Marek 1988).
Figure 3. Ailanthus pinnately-compound leaf structure. Source Patrick J. Alexander
@USDA.NRCS PLANTS Database 2012.

Ailanthus is allelopathic, meaning it releases compounds that influence another
species (Newman 1983). This influence can be positive, but tends to be negative
(Lawrence et al 1991). Ailanthus has been shown to produce biochemicals that inhibit
other tree species (Mergen 1959). Lawrence, Colwell, and Sexton examined the effects of
these compounds in natural occurring Ailanthus on neighboring plant species. Results of
the study showed that seedling germination and growth were significantly, negatively
impacted by the extracts of Ailanthus. Germination reduced by 50% and inflorescence
number (flowering) reduced by 37%. Young, invading Ailanthus clones produce greater
amounts of toxins than mature trees and toxicity increased during periods of low
precipitation and high temperatures. The study concluded that more toxins were released
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Figure 4. Large clump of Ailanthus along a back yard
fence/alley.

in the spring and decline
throughout the growing
season. Lastly, the authors
found that unexposed seeds
were more adversely affected
than those in close proximity
to Ailanthus, indicating the
alteration of the genetic
makeup of certain
neighboring species.
Sprouting is the most
common method of
regeneration for Ailanthus
(Kentucky Exotic Pest Plant
Council 2001). A study conducted in New York found that 58% of 1 year old, excavated
stems were root sprouts and 42% were seedlings (Pan 1985). Injuring the main stem will
result in an increase of root sprouts (Miller 1990). Root sprouts can appear 50 to 90 feet
from the parent stem (Southeast Exotic Pest Plant Council 2001).
Ailanthus produces many small, light seeds (DOW Agro Sciences 2006). A study
conducted in a Connecticut mixed-hardwood forest showed that Ailanthus had the
greatest average seed production of 10 tree species studied, with most of the seeds falling
within 20 feet of the parent trunk (Martin & Canham 2010). Seeds are encapsulated in
winged schizocarps, which are dispersed effectively by wind. Seeds can also disperse via
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water. In a study conducted in Germany, Samuel and Kowarik (2010) found that rivers
were an effective dispersal vector for Ailanthus seeds and moved seeds from urban to
distant rural areas. It has also been observed that Ailanthus may spread along roadways
or in tree harvesting areas where machinery has provided a means for the seeds to
disperse (Marsh 2005). Ailanthus seeds can remain dormant for less than a year,
indicating that it does not have a persistent seed bank (Hunter 2000). Lastly, several
studies attest to the formidability of Ailanthus seeds. For instance, Ailanthus seeds have
been found to germinate in highly compacted soil (Rabe, 1985) and even in cracks of
pavement (Thomson & Neal, 1989). In fact, Pan and Bassuk (1985) found that Ailanthus
seeds grew in urban sites where other [invasive or noxious] species could not establish.
There are several techniques used for landscape-scale vegetation mapping that can
be useful for identifying species such as Ailanthus. A collaborative study between the
United States Forest Service and the Ohio Division of Forestry performed aerial mapping
of Ailanthus trees in Ohio mixed oak forests (Rebbeck et all). The authors utilized digital
aerial sketch mapping technology with a low-flying helicopter in order to capture the
female trees during the dormant season. This method showed promise as an efficient
way to locate females for herbicidal treatment. Another study concluded that the use of
light detection and ranging (LiDAR) effectively detected Ailanthus (Rhea 2012).
Hyperspectral imagery and LiDAR can be coupled together in order to detect tree canopy
and individual tree species (Zhang and Qiu 2012).
Like many other weedy species, managing Ailanthus can be difficult. Options
include manually removing the plant, cutting back the plants, herbicidal applications, and
biological controls (Swearingen & Pannill 2009). Fire suppression is not an effective
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control option for Ailanthus as it can resprout from roots after fire (Evans et all 2006).
Ideally, a combination of methods should be implemented several times in order to
effectively control the species. Controlling Ailanthus is best accomplished by controlling
the root system. Manually removing young plants or mechanically cutting them can be
done for isolated settings (Managing Tree-of-Heaven (Ailanthus altissima) on Roadsides
2004). However, if the root system is not removed, aggressive resprouting will occur.
Herbicidal treatments are most effective when done between mid-June to mid-September
(Managing Tree-of-Heaven (Ailanthus altissima) on Roadsides 2004).
Figure 5. Cut stumps of Ailanthus in an alley.
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Purpose
Ailanthus is most prevalent in urban environments (Huebner 2003). However,
quantifying its distribution in these environments is not well researched (Miller 1990).
When managing for an invasive species, identifying where current populations exist is an
important first step so that efforts can be made to reduce or eradicate those populations
and prevent further spread. There is a need to determine the distribution of Ailanthus in
Denver in order to assess and manage the health of the urban forest in the city. The
purpose of this project is to determine the extent of invasion of Ailanthus in select urban
neighborhoods of Denver.
Various literature sources regarding Ailanthus report that the species excels in
disturbed areas. Noxious weeds also tend to colonize in areas where other species are
sparse, allowing the weed to occupy that spatial niche. It follows that Ailanthus would be
more frequently observed in areas such as alleys, where disturbance is high and site
characteristics might be too harsh for native species. Upon initial observations, it also
makes sense that Ailanthus would be less frequently observed in neighborhoods with
higher income levels. This could be due to several factors, such as an increased ability to
professionally landscape properties or an increased level of awareness. In addition to
documenting the presence of Ailanthus in select neighborhoods of Denver, the following
alternate hypotheses will be tested:
1. Ailanthus individuals will be more significantly observed in alleys than in other
locations such as front yards, back yards, sidewalks, and parking lots.
2. Ailanthus plants will be more significantly observed in lower and middle income
neighborhoods than in higher income neighborhoods.
13

Study Area
The study area for this project includes five Denver, Colorado neighborhoods.
These neighborhoods include Capitol Hill, Cheesman Park, Country Club, Speer, and
Washington Park (Figure 6). The entireties of the five neighborhoods were surveyed
including residential areas, commercial areas, parks, and alleys. These neighborhoods
were selected for several reasons. The area provides a diverse landscape in terms of
median household income. As shown in Figure 7, the median household income varies
within the different neighborhoods as well as in comparison to one another. Of the five
neighborhoods, Capitol Hill has the lowest average median income and Country Club
neighborhood has the highest. The land use for this area is also diverse (Figure 8). The
majority of the area is categorized as residential, which includes single family and multifamily housing units. There are also several public parks, open water, business, and
commercial areas. Finally, these neighborhoods represent varied degrees of tree canopy
cover. Figure 9 shows the canopy cover as determined by 2006 satellite imagery. Data
collection for this study began in the fall of 2012. Data was not collected during the leafoff season, and was resumed in May 2013 until completed in September.
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Figure 6. Project study area.
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Figure 7. Census 2010 Median Household Income by block group.
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Figure 8. 2010 Land Use Categories.

17

Figure 9. 2006 Tree Canopy Cover.
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Figure 10.
Garmin eTrex 20.

Data Collection
Methodology
Point locations of observed Ailanthus occurrences were
collected using a Garmin eTrex 20 handheld GPS unit. The following
attributes were collected for each point location:
1. The approximate distance from the data collection point to
the plant. Collecting the distance from the plant was necessary so as not to
trespass on private property. This attribute was collected with the following
scale: 0-10 feet, 11-20 feet, 21-30 feet, and >30 feet.
2. The approximate height of the plant. Collecting the approximate height was
important for several reasons. This attribute could be useful for future
identification of known occurrences. It could also provide valuable
information about the source of spread (which plant is mature enough to
disperse seeds). This attribute was collected with the following scale: 0-10
feet, 11-20 feet, 21-30 feet, and >30 feet.
3. The descriptive location of the plant. Areas surveyed include sidewalks,
alleyways, front yards, parking lots, parks, and backyards (where visible).
The location of the plant will help in identifying the occurrences in the future
as well as being useful for summary statistics.
Each day after field collection, the GPS data was downloaded using DNRGPS
software. Surveyed areas were then marked off in order to keep track of the ground
covered.
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Challenges
Data collection was challenging for several reasons. One challenge was relying
on the leafing season in order to map Ailanthus. Although Ailanthus can be identified
without its leaves, it is significantly more difficult and in some cases, would require close
proximal distance to the plant. For this reason, data collection was accomplished during
leafing periods only. This timeframe is generally from late April to late October.
Another limitation was the geographic accuracy of the data being collected. When
data points were collected, they were done from public rights of way, such as the street or
sidewalk. Because no private property was trespassed on in order to collect points, the
actual location of the plant could be more than 30 feet away from the collected
coordinates. This information was collected for each data point. To further add to this
problem, the horizontal accuracy for the Garmin eTrex 20 should be considered. The
horizontal accuracy for this model is between 0 to 20 feet.
One more consideration is that because the data collection presided over two
growing seasons, there is an added temporal component to the data challenge problem.
Data points that were collected in the fall of 2012 may not be there anymore due to
removal of the plant.
Sources of Error
There are several possible sources of error during the data collection process.
Firstly, while the identification of Ailanthus is mostly straightforward and simple, there
could have been cases of wrongly identifying the species. In cases where the species
could not be positively identified, the individual was not counted. Similarly, there may
have been occurrences of missing individual plants, which could be especially prevalent
on wide streets where observing both sides of the street was difficult. In these cases, the
20

street was walked twice, once on each side of the street. Secondly, individuals may have
been counted more than once. The data collection process involved working in a grid
system, where streets were surveyed followed by adjacent alleys. As an example, an
individual could have been marked as in a backyard while surveying the street and that
same tree may have been recounted while surveying the alley. The magnitude of this
error could have increased where data collection of adjacent streets and alleys occurred
on different days. Despite these sources of error, there is high confidence that the
collected data is accurate and complete.
Results
This study provides accurate, on-the-ground observational data of the presence of
Ailanthus throughout the study area. Data was first cleaned and coded attributes were
translated into categories. Speer neighborhood had the most observances with a total of
2,732 trees (5 trees per acre). Country Club neighborhood had the fewest observances
with a total of 352 trees (0.8 trees per acre). Summary statistics for tree height are
provided in Table 1 and tree location in Table 2. Total occurrences for height and
location are also visualized in Figures 11 and 12.

21

Table 1. Height summary statistics.

Neighborhood Summary Statistics: Tree Height (ft.)
Neighborhood
Capitol Hill

Count
Percentage
Density
Area
112131
210-10
Total 0-10
11-20
31 +
20
30
+
30
(ac)
Tree per Acre
971 229 138 537 1875 51.8% 12.2% 7.4% 28.6%
433
4.3

Cheesman Park

510

125

Country Club

193

91

1487
598

Speer
Washington Park

58 242

935 54.5% 13.4% 6.2% 25.9%

337

2.8

28

40

352 54.8% 25.9% 8.0% 11.4%

415

0.8

502

204 539

2732 54.4% 18.4% 7.5% 19.7%

546

5.0

190

83 122

993 60.2% 19.1% 8.4% 12.3%

966

1.0

Table 2. Location summary statistics.

Neighborhood Summary Statistics: Tree Location
Count
Percentage
Back Front Parking
Back
Front
Parking
Neighborhood Alley
Sidewalk Park Total Alley
Sidewalk Park
Yard Yard Lot
Yard
Yard
Lot
Capitol Hill
347
686
701
109
132
0 1975 17.6% 34.7%
35.5%
5.5%
6.7% 0.0%
Cheesman Park
200
402
289
27
17
0
935 21.4% 43.0%
30.9%
2.9%
1.8% 0.0%
Country Club

170

110

61

7

4

0

352 48.3%

31.3%

17.3%

2.0%

1.1%

0.0%

Speer
Washington
Park

608

1195

734

46

149

0

2732 22.3%

43.7%

26.9%

1.7%

5.5%

0.0%

404

362

184

12

27

4

993 40.7%

36.5%

18.5%

1.2%

2.7%

0.4%
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Figure 11. Total occurrences by height.
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Figure 12. Total occurrences by location.
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An Average Nearest Neighbor spatial analysis was performed on the cleaned data
points of Ailanthus occurrences (Figure 13). With a z-score of -106.14, the data is shown
to be statistically significantly clustered.
Figure 13. Average Nearest Neighbor.

In order to perform other spatial statistics, a fishnet of the data extent was created,
comprising of 100 rows and 100 columns. The resultant cell size width was 90 feet and
the height was 180 feet.
25

Figure 14. Spatial Autocorrelation.

The fishnet was then spatially
joined with the data points. This was
done in order to count the number of
Ailanthus occurrences in each cell.
Next, a Spatial Autocorrelation
(Morans I) analysis was performed
(Figure 14). With a z-score of 9.49,
the analysis also showed the data to
be statistically significantly
clustered.
Figure 15 shows the results
of a Hot Spot (Getis-Orid Gi*)
spatial analysis. Speer and Capitol
Hill neighborhoods, as well as the
northeast corner of Cheesman Park
display the most hot spot activity in
the study area.
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Figure 15. Hot Spot analysis.
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To test the first alternate hypothesis that Ailanthus individuals will be more
significantly observed in alleys than in other locations such as front yards, back yards,
sidewalks, and parking lots, a chi-squared test was performed.
Table 3. Observed values.

Neighborhood
Capitol Hill
Cheesman Park
Country Club
Speer
Washington Park
Total

Alley
347
200
170
608
404
1729

Observed Values
Front
Parking
Sidewalk
Park Total
Yard
Lot
686
701
109
132
0 1975
402
289
27
17
0
935
110
61
7
4
0
352
1195
734
46
149
0 2732
362
184
12
27
4
993
2755
1969
201
329
4 6987

Back
Yard

Table 4. Expected values.
Expected Values
Neighborhood

Alley

Capitol Hill
Cheesman Park
Country Club
Speer
Washington Park

488.73
231.37
87.11
676.06
245.73

Back
Front Yard Parking Lot Sidewalk Park
Yard
778.75
556.57
56.82
93.00 1.13
368.67
263.49
26.90
44.03 0.54
138.79
99.20
10.13
16.57 0.20
1077.24
769.90
78.59
128.64 1.56
391.54
279.84
28.57
46.76 0.57

The p-value for this analysis was calculated to be >.05. This indicates that there is no
relationship between the locations of Ailanthus occurrences. The alternate hypothesis is
rejected and the null hypothesis is accepted. There is no statistically significant evidence
that Ailanthus occurs more frequently in alleys than in other locations.
The second alternate hypothesis states that Ailanthus plants will be more
significantly observed in lower and middle income neighborhoods than in higher income
neighborhoods. In other words, there is a negative correlation between income and the
28

number of observations of Ailanthus. To study this, 2006-2010 American Community
Survey data at the block group level was used. This dataset was clipped to the study area
extent. Small block groups that barely intersected the neighborhoods of interest were
removed in order to remove outliers. This resulted in of a total of 40 block groups. The
minimum median income for the block groups was $22,583 and the maximum median
income was $173,438. To perform this test, an Ordinary Least Squares spatial analysis
was utilized. Ailanthus data points were joined with the income data to determine the
count of observations found in each block group. The dependent variable was the count
of observations and the explanatory variable was the household median income. The
Jarque-Bera statistic was >.05, which means that the model predictions were not biased
(Figure 16).
Figure 16. Histogram of standardized residuals.
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Test results showed a p-value of >.05, indicating that income is not predictive of
Ailanthus distribution. The alternate hypothesis is rejected and the null hypothesis is
accepted.
Future Studies and Actions
Determining the distribution and abundance of Ailanthus in Denver has only just
begun. This work should continue and educating the public about Ailanthus should be a
top priority for the city’s urban forestry program. The City of Denver’s Parks and
Recreation Department has community events that educate the public on noxious weeds.
Some of these programs involve volunteers removing weedy species from local area
parks. These programs could expand to include work involving Ailanthus, such as
continuing to map the species or manually removing small trees.
Crowd-sourcing Ailanthus observations would also be a useful data collection
method. This could be done by developing a web mapping application that was editable
so that the public could contribute data. This method would also educate the public, as
well as making citizens more likely to manage Ailanthus infestations in their own
neighborhoods. Coupling the web map with a website that further educated the public on
the species and detailed methods for removal would increase the success of managing
Ailanthus in Denver.
Future research in Denver can focus on utilizing the data provided from this study
to expand study areas, or use the data as ground-truthing for remote sensing studies. As
other studies on Ailanthus have done, research should focus on identifying female trees
so that they can be targeted for removal. Vegetation mapping using remote sensing in
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urban environments is promising, and mapping Ailanthus in Denver would be an
interesting study.
The most effective method for controlling or eradicating Ailanthus is persistent
combinations of manual, mechanical, and chemical control. This methodology should be
further studied in urban settings. Chemical applications, while highly effective at
damaging Ailanthus trees, come with their own environmental problems. Exposure to
dangerous herbicides makes chemical control a less desirable method. Research should
focus on best practices for controlling Ailanthus in the city.

Figure 17. Ailanthus surrounding a house.
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Conclusion
Ailanthus altissima is a weedy species that can be found throughout Denver
neighborhoods. Ailanthus competes well against other plant species due to several
factors, including its tolerance to drought and pollution, as well as its allelopathic
properties which inhibit surrounding plant species from growing. It grows rapidly and is
both a prolific seeder and vegetative producer. These characteristics result in Ailanthus
choking out other, more desirable species, reducing biodiversity, and damaging homes
and other urban infrastructure. Failure to manage current populations of Ailanthus will
increase the likelihood that the species extent will spread, possibly to natural areas.
The purpose of this study was to determine the distribution and abundance of
Ailanthus in select urban neighborhoods of Denver. This was done by manually mapping
occurrences of Ailanthus using a handheld GPS unit inside the neighborhoods of Capitol
Hill, Cheesman Park, Country Club, Speer, and Washington Park. The first hypothesis of
this study claimed that Ailanthus would be more frequently observed in alleys than in
front yards, backyards, public parks, or sideways. The results indicate that this
hypothesis is rejected. The second hypothesis of this study stated that Ailanthus would
be more frequently observed in lower income neighborhoods that in higher income
neighborhoods. This hypothesis is also rejected. These findings are surprising because
the field observer noticed differences between alleys and other locations as well as
between low and high income areas. It would be interesting to see if these results are
replicated with a larger area study. Future studies on Ailanthus in urban Denver should
be explored so that the community can become more educated about the species and
work together to control its spread.
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Appendix
Figure 18. Capitol Hill by height.

33

Figure 19. Capitol Hill by location.
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Figure 20. Cheesman Park by height.
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Figure 21. Cheesman Park by location.
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Figure 22. Country Club by height.
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Figure 23. Country Club by location.
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Figure 24. Speer by height.

39

Figure 25. Speer by location.
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Figure 26. Washington Park by height.
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Figure 27. Washington Park by location.
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